Abstract: New 1,3,5-trimethylpyrazole-containing malonamide derivatives based on pyflubumide were designed, synthesized, and characterized using 1 H-NMR, 13 C-NMR, and high-resolution mass spectra (HRMS). The results of preliminary bioassays showed that the target compounds possessed good activities against Tetranychus cinnabarinus, Plutella xylostella, and Aphis craccivora. Most of the target compounds exhibited moderate to good acaricidal activity against Tetranychus cinnabarinus at a concentration of 400 µg/mL, and some showed moderate activity at a concentration of 200 µg/mL; in particular, compounds 8m and 8p exhibited 70.0% mortality. In addition, some of the target compounds exhibited good insecticidal activities against Plutella xylostella at a concentration of 200 µg/mL, especially compounds 8i and 8o, which achieved 100.0% mortality at a concentration of 100 µg/mL. Interestingly, some of the target compounds exhibited potent anti-aphid activity against Aphis craccivora at a concentration of 200 µg/mL; furthermore, compounds 8p and 8q demonstrated 100.0% anti-aphid activity at a concentration of 50 µg/mL. The preliminary analyses of the structure-activity relationships (SAR) indicated that the acaricidal and insecticidal activities varied significantly depending on the type of substituent and substitution pattern, which provides guidance for the further investigation of such structural modifications.
Introduction
Amide bonds are an important functional group in many of the active ingredients of agrochemicals, such as the representative amide herbicides acetochlor and metolachlor [1, 2] and the succinate dehydrogenase inhibitor (SDHI) fungicides boscalid and thifluzamide [3] [4] [5] . The nitrogen-containing heterocycle pyrazole ring is important in the field of medicinal chemistry [6] [7] [8] , and also endows many pesticide molecules with versatile biological activities, as exemplified by fipronil, tebufenpyrad, pyraclostrobin, and pyroxasulfone [9] [10] [11] [12] [13] .
Due to the discovery of the excellent performance of flubendiamide A (Figure 1 ), chlorantraniliprole B (Figure 1 ), and pyflubumide ( Figure 2 ) against pest insects and phytophagous mites in crop protection and their subsequent commercialization, the design and synthesis of new compounds containing diamide groups has become a major trend in the search for potential compounds with insecticidal and acaricidal activities [14, 15] . Pyflubumide is a novel acraricide with a unique carboxanilide structure and was specifically and highly active against all stages of agriculturally important spider mites, such as two-spotted spider mite, kanzawa spider mite. and citrus red mite (LC50 = 1-3 µg/mL). However, it showed low activity against other pests, including hemiptera and lepidoptera (LC50 > 500 µg/mL). Furthermore, it is harmless to non-target arthropods, beneficial insects, and natural enemies [16, 17] . It was discovered by Nihon Nohyaku Co. Ltd. when a heptafluoroisopropyl group was added to a benzene ring during the optimization of carboxamide derivatives to discover new SDHI fungicidal molecules. As SDHI fungicides, pyflubumide acts on mitochondrial complex II in the respiratory chain of phytophagous mites. Similarly, the insecticide flubendiamide, which is also based on modification of carboxamides, was also discovered and developed as the first commercial phthalic diamide insecticide by Nihon Nohyaku Co. Ltd.; however, flubendiamide targets the insect ryanodine receptor rather than mitochondrial complex II in the respiratory chain [18, 19] . Subsequently, chlorantraniliprole, another insecticide that acts on the insect ryanodine receptor was developed. Chlorantraniliprole contains an anthranilic diamide skeleton and was initially discovered through converting the amide bond connection of phthalic diamides [20] . Inspired by this strategy and by the excellent acaricidal and insecticidal activities of diamide compounds, we were motivated to explore new bioactive compounds by modifying the structure of pyflubumide.
In most SDHI fungicides, two aromatic moieties are connected directly via a carboxamide. However, isofetamid C ( Pyflubumide is a novel acraricide with a unique carboxanilide structure and was specifically and highly active against all stages of agriculturally important spider mites, such as two-spotted spider mite, kanzawa spider mite. and citrus red mite (LC50 = 1-3 µg/mL). However, it showed low activity against other pests, including hemiptera and lepidoptera (LC50 > 500 µg/mL). Furthermore, it is harmless to non-target arthropods, beneficial insects, and natural enemies [16, 17] . It was discovered by Nihon Nohyaku Co. Ltd. when a heptafluoroisopropyl group was added to a benzene ring during the optimization of carboxamide derivatives to discover new SDHI fungicidal molecules. As SDHI fungicides, pyflubumide acts on mitochondrial complex II in the respiratory chain of phytophagous mites. Similarly, the insecticide flubendiamide, which is also based on modification of carboxamides, was also discovered and developed as the first commercial phthalic diamide insecticide by Nihon Nohyaku Co. Ltd.; however, flubendiamide targets the insect ryanodine receptor rather than mitochondrial complex II in the respiratory chain [18, 19] . Subsequently, chlorantraniliprole, another insecticide that acts on the insect ryanodine receptor was developed. Chlorantraniliprole contains an anthranilic diamide skeleton and was initially discovered through converting the amide bond connection of phthalic diamides [20] . Inspired by this strategy and by the excellent acaricidal and insecticidal activities of diamide compounds, we were motivated to explore new bioactive compounds by modifying the structure of pyflubumide.
In most SDHI fungicides, two aromatic moieties are connected directly via a carboxamide. However, isofetamid C (Figure 1 ) and fluopyram D (Figure 1) , in which two aromatic moieties are bridged by an N-ethyl carboxamide or N-oxo-ethyl carboxamide, also exhibit excellent fungicidal Pyflubumide is a novel acraricide with a unique carboxanilide structure and was specifically and highly active against all stages of agriculturally important spider mites, such as two-spotted spider mite, kanzawa spider mite. and citrus red mite (LC 50 = 1-3 µg/mL). However, it showed low activity against other pests, including hemiptera and lepidoptera (LC 50 > 500 µg/mL). Furthermore, it is harmless to non-target arthropods, beneficial insects, and natural enemies [16, 17] . It was discovered by Nihon Nohyaku Co. Ltd. when a heptafluoroisopropyl group was added to a benzene ring during the optimization of carboxamide derivatives to discover new SDHI fungicidal molecules. As SDHI fungicides, pyflubumide acts on mitochondrial complex II in the respiratory chain of phytophagous mites. Similarly, the insecticide flubendiamide, which is also based on modification of carboxamides, was also discovered and developed as the first commercial phthalic diamide insecticide by Nihon Nohyaku Co. Ltd.; however, flubendiamide targets the insect ryanodine receptor rather than mitochondrial complex II in the respiratory chain [18, 19] . Subsequently, chlorantraniliprole, another insecticide that acts on the insect ryanodine receptor was developed. Chlorantraniliprole contains an anthranilic diamide skeleton and was initially discovered through converting the amide bond connection of phthalic diamides [20] . Inspired by this strategy and by the excellent acaricidal and insecticidal activities of diamide compounds, we were motivated to explore new bioactive compounds by modifying the structure of pyflubumide.
In most SDHI fungicides, two aromatic moieties are connected directly via a carboxamide. However, isofetamid C (Figure 1 ) and fluopyram D (Figure 1 ), in which two aromatic moieties are bridged by an N-ethyl carboxamide or N-oxo-ethyl carboxamide, also exhibit excellent fungicidal activity, demonstrating the possibility of discovering new compounds by modifying the connection between the two aromatic moieties [21, 22] .
Inspired by the design of chlorantraniliprole from flubendiamide, pyflubumide was selected as the lead compound, and a series of novel 1,3,5-trimethylpyrazole-containing malonamide derivatives were designed and synthesized (Figure 2 ). The malonamide skeletons of the new compounds were designed by modifying two amide bonds on one nitrogen atom, and the phenyl ring was modified with a heptafluoroisopropyl group or a methoxy-substituted hexafluoroisopropyl group to improve activity based on previous reports [23] . Moreover, all the new compounds were investigated for their acaricidal and insecticidal activities. To the best of our knowledge, it is the first report on 1,3,5-trimethylpyrazole-containing malonamide derivatives with potent acaricidal and insecticidal activities.
Results and Discussion

Synthesis
The synthetic route to the target compounds 8a~8t is outlined in Scheme 1; these compounds were prepared in four steps. The commercially available ethyl 3-chloro-3-oxopropanoate (1) was reacted with the aromatic amine derivative 2 in the presence of triethylamine to afford the intermediate 3 via a general condensation reaction in good yields. Intermediate 3 was hydrolyzed to obtain intermediate 4, which was used in the next reaction without further purification. In the presence of the condensation agent dicyclohexylcarbodiimide (DCC), intermediate 4 was reacted with 1,3,5-trimethyl-1H-pyrazol-4-amine (5) to afford the key intermediate 6 in good yields. The last step was α-alkylation of malonamide with brominated compound 7 in the presence of potassium t-butoxide (KTB) to obtain the target compounds 8a-8t [24] . Then the reaction condition of the last step was investigated to optimize the yield. The examination of the base, solvent, and temperature led to the following informative observations: (i) potassium t-butoxide was the ideal base; (ii) N-methyl pyrrolidone (NMP) was the suitable solvent; (iii) the product yield was highest at 0 to 5 • C. It was observed that the steric effect and electronic effect of substituents (R 2 ) had a significant effect on the yield of target compounds. For example, with the isopentyl group, compound 8c was 48.4% yield. Otherwise, compound 8e with allyl group was 61.7% yield. The target compounds have all been structurally confirmed through 1 H-NMR, 13 C-NMR and high-resolution mass spectra (HRMS). 
Biological Activity
As the primary objective of this study, preliminary tests of the acaricidal and insecticidal activity of the target compounds 8a-8t against the pest species Tetranychus cinnabarinus, Plutella xylostella, and Aphis craccivora were carried out, as shown in Table 1 , 2, and 3.
First, the acaricidal activity of the target compounds 8a-8t against Tetranychus cinnabarinus was carried out, and the results were summarized in Table 1 . Fenpyroximate was tested under the same conditions as a comparison compound. As indicated in Table 1 , all new compounds exhibited certain acaricidal activity against Tetranychus cinnabarinus, with LC50 values ranging from 107.2 to 540.4 µg/mL. Among the target compounds, 8a, 8i-8k, 8m-8n, and 8p-8r exhibited good acaricidal activities against Tetranychus cinnabarinus with more than 90.0% mortality at 400 µg/mL, respectively, which were comparable to that of the control fenpyroximate (100.0%). When the concentrations of the compounds were reduced from 400 to 200 µg/mL, compounds 8m and 8p still showed good mortality (70.0%) against Tetranychus cinnabarinus. However, a great decrease of bioactivities (0-37.8%) was observed, when the concentrations were reduced from 200 to 100 µg/mL. 
As the primary objective of this study, preliminary tests of the acaricidal and insecticidal activity of the target compounds 8a-8t against the pest species Tetranychus cinnabarinus, Plutella xylostella, and Aphis craccivora were carried out, as shown in Tables 1-3 .
First, the acaricidal activity of the target compounds 8a-8t against Tetranychus cinnabarinus was carried out, and the results were summarized in Table 1 . Fenpyroximate was tested under the same conditions as a comparison compound. As indicated in Table 1 , all new compounds exhibited certain acaricidal activity against Tetranychus cinnabarinus, with LC 50 values ranging from 107.2 to 540.4 µg/mL. Among the target compounds, 8a, 8i-8k, 8m-8n, and 8p-8r exhibited good acaricidal activities against Tetranychus cinnabarinus with more than 90.0% mortality at 400 µg/mL, respectively, which were comparable to that of the control fenpyroximate (100.0%). When the concentrations of the compounds were reduced from 400 to 200 µg/mL, compounds 8m and 8p still showed good mortality (70.0%) against Tetranychus cinnabarinus. However, a great decrease of bioactivities (0-37.8%) was observed, when the concentrations were reduced from 200 to 100 µg/mL. The activities of these compounds varied drastically depending upon the types and patterns of substitution on the malonamide bridge and the phenyl ring.
For the effect of substituents R 2 on the malonamide bridge in the series of 8a~8t compounds, when the substituent R 2 was saturated alkyl (isopropyl, isobutyl, and isopentyl), it was observed that compounds with isopropyl group, like 8a, 8f, 8k, and 8p, exhibited higher acaricidal potency than the corresponding analog with isobutyl groups, such as 8b, 8g, 8l, and 8q. Meanwhile, compared with compounds with isobutyl group, compounds with isopentyl (8h, 8m, 8r, except 8c) revealed more activities. When the substituent R 2 was unsaturated alkyl (propargyl and allyl), it was observed that compounds with propargyl group, like 8d, 8i, 8n, and 8s, exhibited higher acaricidal potency than the corresponding analog with allyl groups, such as 8e, 8j, 8o, and 8t. On the whole, the introduction of saturated alkyl with appropriate chain length at position R 2 was beneficial to the acaricidal activity.
For the effect of substituents on the phenyl ring in the series of 8a-8t compounds, from the activities against Tetranychus cinnabarinus, the compounds 8f-8t with the methoxy-substituted hexafluoroisopropyl group gave increased acaricidal activity than the compounds 8a-8e with the heptafluoroisopropyl group, respectively. In addition, when R 2 was saturated alkyl, the compounds (8k-8m) with methoxy group on the 2-position of phenyl ring displayed relatively better acaricidal activity than the corresponding compounds (8f-8h) with a methyl group on the 2-position of the phenyl ring. Each value represents the mean ± standard deviation of three replications; LC 50 = 50% lethal concentration; 95% CL = 95% confidence limit; "-" refers to "not calculated".
Next, we evaluated their insecticidal activities against Plutella xylostella and Aphis craccivora, and the results are shown in Tables 2 and 3 . Flubendiamide and imidacloprid were tested under the same conditions as a comparison compound.
As shown in Table 2 , the bioactivity results indicated that most compounds exhibited certain insecticidal activities against Plutella xylostella, with LC 50 values ranging from 24.2 to 569.8 µg/mL. Among the target compounds, some compounds possessed excellent insecticidal activities against Plutella xylostella at a concentration of 200 µg/mL. For instance, the mortalities of compounds 8g, 8i, and 8o against Plutella xylostella were all 100.0%, respectively, which were similar to that of the control flubendiamide. When the concentration was reduced to 100 µg/mL, compounds 8i and 8o had 100.0% inhibition rates, and they were still active against Plutella xylostella even when the concentration was reduced to 50 µg/mL with inhibitory values of 83.3% and 76.7%, respectively. Based on the structure-activity data, we found that unsaturated alkyl (propargyl and allyl) on the position R 2 were beneficial to improve the insecticidal activity of compounds, for example, compounds 8e, 8i, 8o, and 8s were the most active of the corresponding series of compounds 8a-8e, 8f-8j, 8k-8o, and 8p-8t, respectively. In addition, we found that when the substituent at 4-position of the phenyl ring was a methoxy-substituted hexafluoroisopropyl group, it was more advantageous than heptafluoroisopropyl group to increase the insecticidal activities against Plutella xylostella. Moreover, compared with compounds (8p-8t) with the substituent (isopropyl group) at 3-position of the phenyl ring, compounds (8a-8o) with the substituent (methyl and methoxy groups) at 2-position of phenyl ring showed more advantages in insecticidal activity. Each value represents the mean ± standard deviation of three replications; LC 50 = 50% lethal concentration; 95% CL = 95% confidence limit; "-" refers to "not calculated".
As shown in Table 3 , the bioactivity results indicated that all compounds exhibited certain insecticidal activities against Aphis craccivora, with LC 50 values ranging from 8.1 to 225.3 µg/mL. As can be seen, some target compounds demonstrated excellent insecticidal activities against Aphis craccivora at a concentration of 100 µg/mL, for instance, compounds 8a, 8b, 8c, 8j, 8k, 8p, and 8q all had over 90.0% inhibition rates, which were comparable to that of the control imidacloprid (100.0%). When the concentration was reduced to 50 µg/mL, the mortalities of compounds 8a, 8k, 8p, and 8q were 80.0%, 76.7%, 100.0%, and 100.0%, respectively. Even if the concentration was reduced to 20 µg/mL, compounds 8p and 8q were still active against Aphis craccivora with the mortalities of 88.3% and 83.3%, respectively. Based on the structure-activity data, we found that the saturated alkyl on the position R 2 was more helpful to increase the mortality activities against Aphis craccivora than the unsaturated alkyl. Especially, when R 2 substituent group was an isopropyl group, it showed better insecticidal activities against Aphis craccivora than other types of R 2 substituents. In addition, compared with compounds (8a-8e) with the substituent heptafluoroisopropyl group at 4-position of the phenyl ring, compounds (8f-8t) with the substituent methoxy-substituted hexafluoroisopropyl group showed more advantages in insecticidal activity. Moreover, we found that the introduction of isopropyl group at 3-position of the phenyl ring influenced the insecticidal activities greatly, for example, compounds 8p and 8q were a more effective insecticidal agent than other compounds. Each value represents the mean ± standard deviation of three replications; LC 50 = 50% lethal concentration; 95% CL = 95% confidence limit; "-" refers to "not calculated".
Experimental
Chemicals and Instrumentation
Nuclear magnetic resonance spectra were recorded using a Bruker Avance DPX300 (San Jose, CA, USA) spectrometer in CDCl 3 or DMSO-d 6 solution ( 1 H-NMR at 300 MHz and 13 C-NMR at 75 MHz). Chemical shift values (δ) are given in parts per million with tetramethylsilane as the internal standard. The melting points of all compounds were determined using a B-III microscope (Beijing Technical Instrument Co., Beijing, China) and are uncorrected. High-resolution mass spectra (HRMS) were obtained using a Thermo Scientific Q Exactive instrument. Analytical TLC was performed on silica gel GF 254 (200-300 mesh). Column chromatographic purification was carried out using silica gel.
Reagents and solvents were obtained from Beijing Chemical Reagents Co. (Beijing, China) and were used without purification. As shown in Scheme 1, ethyl malonyl chloride (compound 1), 1,3,5-trimethyl-1H-pyrazol-4-amine (compound 5), and compound 7 were purchased from Shanghai Aladdin Bio-Chem Technology Co., LTD. Compound 2 was prepared according to literature methods without purification [25, 26] .
Synthesis Procedures
General synthesis Procedure for Intermediate 3
A solution of intermediate 2 (60 mmol) and triethylamine (60 mmol) dissolved in dichloromethane (100 mL) was cooled to 0-5 • C. Ethyl malonyl chloride (60 mmol) was added dropwise over ten minutes, and the mixture was stirred for a further thirty minutes at this temperature. The reaction mixture was then stirred at room temperature until the reaction was complete as indicated by TLC. At the end of the reaction, the reaction mixture was successively washed with diluted hydrochloric acid (30 mL, 5% vol) and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The residue was purified by flash chromatography on silica gel using petroleum ether (60-90 • C) and ethyl acetate (v/v = 15:1) as the eluent to give intermediate 3, with yields ranging from 89.4% to 93.5%. Physical, spectral data, and 1 H-NMR spectra of intermediate 3 were provided in the Supplementary Materials.
General Synthesis Procedure for Intermediate 4
To a solution of intermediate 3 (20 mmol) in tetrahydrofuran (50 mL) was added LiOH (2 mol/L, 60 mL) dropwise at 0 • C, and the reaction mixture was then warmed to room temperature and stirred overnight until the reaction was completed as indicated by TLC. The solvent was vacuum-evaporated, the residue was acidified with diluted hydrochloric acid (2 M, 20 mL), and the aqueous layer was extracted with dichloromethane (30 mL × 3). The combined organic phase was dried over anhydrous sodium sulfate and then concentrated in vacuo to give intermediate 4, which was used in the next reaction without further purification.
General Synthesis Procedure for Intermediate 6
To a mixture of intermediate 4 (15 mmol) and 1,3,5-trimethyl-1H-pyrazol-4-amine (15 mmol) in dichloromethane (50 mL) was added dicyclohexylcarbodiimide (DCC, 22.5 mmol) in dichloromethane (20 mL) dropwise at 0 • C. The reaction mixture was then warmed to room temperature and stirred overnight until the reaction was completed. The mixture was then filtered, and the filtrate was washed successively with saturated sodium bicarbonate solution and saturated brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The residue was purified by flash chromatography on silica gel using petroleum ether (60−90 • C) and ethyl acetate (v/v = 1:1) as the eluent to give intermediate 6, with yields ranging from 82.5% to 86.7%. Physical, spectral data, and 1 H-NMR spectra of intermediate 6 were provided in the Supplementary Materials.
General Synthesis Procedure for the Target Compounds 8a-8t
To a solution of intermediate 6 (4 mmol) in N-methyl pyrrolidone (NMP) was added potassium t-butoxide (KTB, 4.4 mmol) in portions at 0 • C. After 30 min, intermediate 7 (4.4 mmol) was added at 0 • C. The mixture was stirred 6 h at room temperature and then poured into ice-water and extracted with ethyl acetate (30 mL × 3). The combined organic phase was washed with saturated brine (30 mL × 3), dried over anhydrous sodium sulfate, and concentrated in vacuo. The residue was purified by flash chromatography on silica gel using petroleum ether (60−90 • C) and ethyl acetate (v/v = 1:3) as the eluent to give the target compounds 8a~8t, with yields ranging from 46.7% to 62.5%. All twenty 1,3,5-trimethylpyrazole-containing malonamide derivatives 8a~8t were novel, and their physical and spectral data are listed below. 1 H-NMR, 13 C-NMR, and HRMS spectra are provided in the Supplementary Materials. N-C, pyrazole-CH 3 N 1 -(4-(1,1,1,3,3 scale of 0 to 100, where 0 equals no activity, and 100 equals total kill. The error of the experiments was kept within 5.0%. Given the lack of appropriate methods and purchasing channels to obtain the pyflubumide standard in our present work, commercial insecticides, such as fenpyroximate, flubendiamide, and imidacloprid, were selected as positive controls under the same conditions.
Acaricidal Activity Against Tetranychus Cinnabarinus
The acaricidal activities of the target compounds and fenpyroximate against Tetranychus cinnabarinus were evaluated using the reported procedure [28] . Sieva bean plants (Phaseolus vulgaris) with primary leaves expanded to 10 cm in size were selected and cut back to one plant per pot. A small piece was cut from a leaf taken from the main colony and placed on each leaf of the test plants. This was done approximately 2 h before treatment to allow the mites to move to the test plant and lay eggs. The size of the leaf piece from the main colony was varied to obtain approximately 30 mites per leaf. At the time of the treatment, the piece of leaf used to transfer the mites was removed and discarded. The mite-infested plants were dipped in the test solution for 3 s with agitation and set in a fume hood to dry. Plants were kept for 48 h before the numbers of live and dead adults were counted. Each treatment was repeated with triplicate experiments, and each replicate involved 30 adult mites.
Insecticidal Activity Against Plutella xylostella
The insecticidal activities of the target compounds and flubendiamide against Plutella xylostella were evaluated using the reported procedure [29] . Leaf disks (6 cm × 2 cm) were cut from fresh cabbage leaves and then dipped into the test solution for 5 s. After air-drying, the treated leaf disks were placed individually into glass tubes. Each dried treated leaf disk was infested with 10 third-instar Plutella xylostella larvae. Mortality was assessed 48 h after treatment. Each treatment was repeated with triplicate experiments and each replicate involved 10 third-instar Plutella xylostella larvae.
Insecticidal Activity Against Aphis craccivora
The insecticidal activities of the target compounds and imidacloprid against Aphis craccivora were evaluated using the reported procedure [30] . Leaves from the soybean plant with 20 apterous adults were dipped in the test solution for 5 s and the excess solution was blotted with filter paper. The mortality rates were evaluated 36 h after treatment. Each treatment was repeated with triplicate experiments and each replicate involved 20 apterous adults.
Conclusions
In summary, twenty novel 1,3,5-trimethylpyrazole-containing malonamide derivatives were designed and synthesized. The target compounds were evaluated for acaricidal and insecticidal activities against Tetranychus cinnabarinus, Plutella xylostella, and Aphis craccivora. Preliminary bioassay results indicated that compounds 8m and 8p were found to have moderate activities against Tetranychus cinnabarinus. Compounds 8i and 8o exhibited good insecticidal activities against Plutella xylostella. In addition, compounds 8p and 8q possessed potent insecticidal activities against Aphis craccivora. Although the target compounds did not exhibit excellent acaricidal activities against Tetranychus cinnabarinus, as we expected, some of the target compounds showed good insecticidal activities against Plutella xylostella and Aphis craccivora, respectively. The preliminary analyses of structure-activity relationships (SAR) indicated that the methoxy-substituted hexafluoroisopropyl group and variations of Y groups in the position of phenyl ring markedly affected the acaricidal and insecticidal activities. In addition, different types of substituents (R 2 ) have a great influence on the biological activity of different pest species. Notably, these findings demonstrated that the synthesis of 1,3,5-trimethylpyrazole-containing malonamide derivatives could be considered as a new template for pesticide development. Further structural optimization and bioactivities are in progress.
